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ABSTRACT
A supersymmetric Randall-Sundrum brane-world demands that not merely the
graviton but the entire supergravity multiplet be trapped on the brane. To demonstrate
this, we present a complete ansatz for the reduction of (D = 5; N = 4) gauged supergravity
to (D = 4; N = 2) ungauged supergravity in the Randall-Sundrum geometry. We verify
that it is consistent to lowest order in fermion terms. In particular, we show how the
graviphotons avoid the ‘no photons on the brane’ result because they do not originate from
Maxwell’s equations in D = 5 but rather from odd-dimensional self-duality equations. In
the case of the vebrane, the Randall-Sundrum mechanism also provides a new Kaluza-
Klein way of obtaining chiral supergravity starting from non-chiral.
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1
1 Introduction
The claim [1] that the Type IIB domain wall solution of Bremer et al. [2] provides a su-
persymmetric realization of the Randall-Sundrum [3] brane-world naturally requires that
not just the graviton but the whole (D = 4; N = 4) supergravity multiplet be localized
on the brane. Indeed, this was implicitly assumed when showing that the Maldacena
[4] (D = 4; N = 4) SCFT1 gives the same 1=r3 corrections to the Newtonian potential
as those found by Randall and Sundrum [5]. Since most treatments of the brane-world
have focussed only on the graviton, however, it would be desirable to demonstrate the
trapping of the entire supermultiplet explicitly by presenting a complete reduction ansatz
of (D = 5; N = 8) gauged supergravity to (D = 4; N = 4) ungauged supergravity in
the Randall-Sundrum geometry. In a rst step towards this goal, this paper presents the
complete reduction ansatz for the simpler case of (D = 5; N = 4) gauged supergravity to
(D = 4; N = 2) ungauged supergravity.
However, in addition to all the no-go theorems discussed and refuted in [1], a new
one now presents itself2. Unlike gravitons obeying an Einstein-Hilbert action, or scalars
obeying a Klein-Gordon action, photons obeying a Maxwell action in D = 5 are not
localized on the brane because the reduction ansatz in the Randall-Sundrum geometry
leads to a divergent integral [6]. Yet we certainly require the graviphotons in D = 4
supergravity multiplet to be bound to the brane. A second purpose of the present paper,
therefore, is to resolve this dilemma by invoking some recent results in [7]. The no-go
theorem is circumvented because the graviphotons do not originate from a Maxwell action
in D = 5 gauged supergravity but rather from an \odd-dimensional self-duality" action
[8, 9, 10, 11]. The (D = 5; N = 8) gauged supergravity [9, 10] provides 12 two-forms,
transforming as (6; 2) of SO(6)  SL(2). When paired up in the reduction of [7], these
provide the six graviphotons of the (D = 4; N = 4) theory on the brane. (This SL(2)
is then the S-duality in D = 4.) Similarly, the (D = 5; N = 4) gauged supergravity [11]
has a pair of two-forms, reducing to a single graviphoton of the resulting (D = 4; N = 2)
theory. Here we focus on the reduction of gauged (D = 5; N = 4) supergravity, and
complete the picture of [7] by providing the reduction ansatz for the fermions and hence
demonstrating that the entire (D = 4; N = 2) ungauged supergravity multiplet may be
conned to the brane. These results may be easily generalized to the reduction of the
gauged (D = 5; N = 8) theory to ungauged (D = 4; N = 4).
Another novel aspect of localizing supergravity on the brane is that of chirality.
Just as the D = 10 S5 breathing-mode domain-wall solution of Bremer et al. [2] provides
a Type IIB realization of the Randall-Sundrum threebrane in AdS5, so the D = 11 S
4
breathing-mode domain wall solution [2] provides an M-theory realization of the Randall-
Sundrum vebrane in AdS7. The resulting theory trapped on the brane is chiral D =
1The complete brane theory is thus N = 4 supergravity coupled to U(N ) N = 4 Yang-Mills. Since
the origin of the Yang-Mills is well understood, however, we focus here only on the supergravity.
2This was first pointed out to us by Eva Silverstein.
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6; (N+; N−) = (2; 0) supergravity coupled to the SCFT. This thus provides a new Kaluza-
Klein mechanism, distinct from Horava-Witten [12, 13], of obtaining a chiral supergravity
theory on the brane starting from a non-chiral theory in the bulk.
2 Supergravity in the bulk, and reduction of the bosons
In ve dimensions, N = 4 supergravity admits an SU(2) U(1) gauging and an anti-de
Sitter vacuum with supergroup SU(2; 2j2). The eld content of this theory consists of a
graviton gMN , four gravitini Ψ
a
M , SU(2)U(1) adjoint gauge elds AIM and aM , two anti-
symmetric tensors BαMN , four spin-
1
2
elds a, and a real scalar . Indices a; b take values
in the 4 of USp(4) and I; J in the adjoint of SU(2), while ;  = 1; 2 correspond to the real
vector representation of SO(2) ’ U(1). Indices M;N; : : : denote ve-dimensional space-
time indices, while ; ; : : : denote four-dimensional ones. This model was constructed in
[11], and to leading order in the fermions has a Lagrangian given by:



































































































Here we mostly follow the conventions of [11] up to a rescaling of the elds by a factor
of 1=2. However we use a mostly positive metric, MN = (−;+;+;+;+). Additionally,
we prefer to label the USp(4) matrices (ΓI ;Γα) with  = 1; 2 and I = 3; 4; 5 instead.





2g. Note that the bosonic part of (1) agrees with that of [7].
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To lowest order, the supersymmetry variations corresponding to the above La-
grangian are given by


































abM = − i2p2X( ΨaMb + ip3 aγMb): (10)
The consistent reduction for the bosonic elds was given in [7], where the scalar
and one-form gauge elds were set to zero,
aM = 0; A
I
M = 0;  = 0; (11)




where k is always taken positive, corresponding to the ‘kink-down’ geometry that traps
gravity. As discussed in [14], supersymmetry demands the gauge coupling g to flip a sign
across the brane, so the relation between g and k is simply g = k sgn(z).
The key observation made in [7] was that the two-forms BαMN , which satisfy an




e−kjzj fFµν ;− ?4 Fµνg ;
Bαµz = 0; (13)
to provide the D = 4, N = 2 graviphoton localized on the brane. Note that this ansatz
for the two-form yields (BαMN )
2 = 0, as is tting for a ‘self-dual’ eld in general. For this





ab; Aab = 0; (14)





ab; habµν = 0: (15)
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dF = 0 d ?4 Fµν = 0: (16)
This is the expected form of the equations corresponding to the graviton and graviphoton
of ungauged D = 4, N = 2 supergravity.
3 The reduction ansatz for the fermions
We now turn to consideration of the fermion elds. With the expectation that pure N = 2
supergravity in four dimensions does not contain any spin- 1
2
elds, it is natural to set
a = 0: (17)
What remains to be determined is the ansatz for the gravitino ΨaM as well as the form of
the supersymmetry parameter . We start with the spin-1
2
variation, (9), which on this












ekjzjγ^µν(FµνΓ1 − ?4FµνΓ2)abb; (18)
where four-dimensional Dirac matrices, denoted with a caret, have curved space indices







then brings the spin-1
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We keep in mind that γ5 is the four-dimensional chirality operator, γ5  iγ0γ1γ2γ3.
Since in the reduction we have set a = 0 in (17), the above transformation is
consistent with the ansatz only if it can be set to zero. This implies that the surviving
supersymmetry on the brane must satisfy
(1− iγ5Γ12) = 0: (21)
This result is consistent with the BPS nature of the Randall-Sundrum brane, where the
‘kink’ breaks half of the bulk supersymmetries.
Proceeding with the gravitino transformation, (8), we nd
ΨM a = rMa − i2gγM(Γ12)abb − i12p2(γMNP − 4NMγP )(BαNP )(Γα)abb: (22)
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The z component is then
Ψz a = @za − i2gγz(Γ12)abb − i24ekjzjγzγ^µνFµν(Γ1)ab(1− iγ5Γ12)bcc; (23)



















where all symplectic indices have been suppressed. We have furthermore made the identi-
cation γz = −γ5, corresponding to the D = 5 relation γ0γ1γ2γ3γz = i. Since g = k sgn(z),
it is now clear that the above transformation will vanish for a supersymmetry parameter
of the form





kjzj(1 + iγ5Γ12)^(x): (25)




kjzj agrees with that anticipated in [7].




















kjzj(1 + iγ5Γ12) ^µ(x);




r^µ − i8(γ^µνρ − 2νµγ^ρ)FνρΓ1
i
^: (28)
4 Consistency of the fermion ansatz
It was shown in [7] that the consistent reduction of the bosonic sector is compatible with
the eld truncation (11). In the presence of fermions, it is also necessary to verify that
the supersymmetry variations of the bosons respect this truncation. Using the above







one can easily check from (4), (5) and (7) that
AIµ = 0; A
I
z = 0;
aµ = 0; az = 0;
 = 0: (30)
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Furthermore, from (3) and (6), we nd that the z component transformations vanish,
ez¯z = 0;
Bαµz = 0; (31)
while the four-dimensional components reduce to give the surviving supersymmetry trans-









In fact, the reduction of Bαµν leads to a variation on the eld strength, Fµν . The
transformation on the potential, given above, is deduced (up to a gauge transformation)
by removing a derivative on both sides of the actual expression.
Finally, we examine the consistency and reduction of the fermion equations of

















(HabMN − 5p2habMN)γMNb − i2p2@NγMγNΨaM ; (33)




b = 0: (34)
This is satised since the combination γµνHabµν is projected out on the trapped gravitino
given by (27).
On the other hand, the ve-dimensional gravitino equation of motion is expected
to reduce to its four-dimensional counterpart. From (1), we nd








PQγMb − i2p2@NγNγMa: (35)
Using the reduction ansatz, this becomes
γMNPrNΨP = −3i2 gγMNΓ12ΨN + i4p2Bρλ αγ[MγρλγN ]ΓαΨN : (36)
The ve-dimensional covariant derivative rM picks up a contribution from the warped
metric background, (12), which cancels against the rst term on the right hand side of
(36). Picking  to be a four-dimensional index, the resulting gravitino equation of motion
reduces to
γ^µνρr^ν ^ρ = i4F ρλ(γ^[µγ^ρλγ^ν])Γ1 ^ν : (37)
For the z component of (36), a similar computation indicates
γ^µνr^µ ^ν = i8Fρλγ^ρλγ^µΓ1 ^µ; (38)
which is equivalent to the γ^µ contraction of (37).
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5 Evading the ‘no photons on the brane’ result
Let us rst recall the arguments of [6] showing that photons originating from a Maxwell











and making the reduction ansatz (12) for the metric and
AM(x; z) = fAµ(x); 0g (40)












for which the z integral diverges. This is due to the two powers of the inverse metric
























for which the z integral converges. This result was interpreted in [6] as a charge-screening
eect. However, supersymmetry rules out any such eect for the graviphotons in the
N = 4 supergravity multiplet, whose action must lead to the same convergent integral as
the graviton and graviscalars.
The resolution, as we have seen in section (2), is to start instead with the 2-
form eld BαMN , and then make the z-dependent Lu-Pope [7] ansatz (13) to arrive at
graviphotons on the brane. Note, however, that the argument given above for reduction
of the action no longer directly applies in this case, as the reduction ansatz (13) is on the
eld strength Fµν and not on the potential. As a result, a straightforward reduction of




















would then yield a vanishing four-dimensional action because of the ‘self-duality’. That
this is expected may be seen by considering, for example, the (D = 5; N = 8) case,
8
whereupon the SL(2) symmetry of the ve-dimensional action reduces to the SL(2) S-
duality of the (D = 5; N = 4) theory on the brane. This S-duality, however, does not
appear in the Lagrangian, but only at the level of the equations of motion. Thus the
reduced Lagrangian has no choice but to vanish.





e−kjzjF (α)µν ; B
α
µz = 0: (45)
The duality condition, F
(1)
µν = 4F (2)µν , then arises from the odd-dimensional self-duality














for which the z integral has the same convergence as (43). Although there are two powers
of the inverse metric, this is compensated by the z-dependence of the ansatz. This action
of course vanishes upon the substitution F
(1)
µν = 4F (2)µν , since (4)2 = −1.
Note that modifying the ansatz (40) for the photon to include a z-dependence
AM(x; z) = fe−akjzjAµ(x); 0g (47)






















As anticipated in [7], we have demonstrated that the bosonic reduction ansatz in [7]
may be straightforwardly extended to include the fermion content as well. Thus we
have shown that the D = 5, N = 4 gauged SU(2)  U(1) supergravity has a consistent
reduction to pure ungauged N = 2 (Einstein-Maxwell) supergravity in four dimensions.
This reduction corresponds to the localization of a complete supergravity multiplet on
the Randall-Sundrum brane, thus conrming the supersymmetry of the scenario.














kjzj(1 + iγ5Γ12) ^µ; (50)
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with all other elds set to zero. The reduced equations of motion, (16) and (37), may be
derived from the following four-dimensional Lagrangian:
e−1L = R− 1
4
F 2µν − 12  ^µγ^µνρr^ν ^ρ + i8  ^µ(γ^[µF  γ^γ^ν])Γ1 ^ν ; (51)











r^µ − i8(γ^µνρ − 2νµγ^ρ)FνρΓ1
i
^: (52)







kjzj(1 + iγ5Γ12)^: (53)
Up to a conversion between ve-dimensional symplectic-Majorana spinors and their four-
dimensional (Majorana) counterparts, this gives precisely the D = 4, N = 2 theory.
Note that, while the absolute value ‘kink’ at z = 0 is necessary for the trapping of
gravity by the brane, we have mostly ignored its eects. In particular, we have not consid-
ered the source terms that must necessary be present in the Lagrangian. Presumably such
terms may be interpreted in the original type IIB theory as appropriate (supersymmetric)
D3-brane source couplings. A proper understanding of the sources would require such a
higher dimensional point of view, as indicated in [1, 14].
We have seen how a possible no-go theorem for photons on the brane is cir-
cumvented for the graviphotons because they originate from odd-dimensional self-duality
equations rather than Maxwell equations. Consistently with this, the ansatz for the mass-
less modes requires that we set to zero those photons aµ and A
I
µ which do obey Maxwell’s
equations and also those Kaluza-Klein photons arising from the gµz components of the
metric. Of course, there will be massive modes arising from these and all the other elds
that will fall into a continuum of short (D = 4; N = 4) massive supermultiplets.
Although the reduction of N = 2 gauged supergravity gives rise to an N = 1 the-
ory without any graviphotons, the trapped graviton still has a gravitino as a superpartner.
This theory can in fact be obtained from a truncation of the N = 4 Lagrangian, (1), with




2. The reduction to four-dimensions
then follows, with only (12), (25) and (27) active, while setting all other elds to zero.
Note that the N = 1 gravitino is Majorana, so this reduction to pure supergravity does
not generate chirality. The situation is dierent, however, in reducing maximal gauged
supergravity in seven dimensions [15, 16], as this would give rise to a six-dimensional (2; 0)
theory on the brane. Like in the Horava-Witten model [12, 13], this generates chirality on
the brane from a non-chiral theory in the bulk. We recently became aware of [17], which
overlaps with the present results.
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